• High-quality data are lacking on use of prophylaxis in adults with hemophilia and arthropathy.
Essentials
• High-quality data are lacking on use of prophylaxis in adults with hemophilia and arthropathy.
• SPINART was a 3-year randomized clinical trial of late/tertiary prophylaxis vs on-demand therapy.
• Prophylaxis improved function, quality of life, activity and pain but not joint structure by MRI.
• Prophylaxis improves function but must start before joint bleeding onset to prevent arthropathy.
Summary. Background: Limited data exist on the impact of prophylaxis on adults with severe hemophilia A and pre-existing joint disease. Objectives: To describe 3-year bleeding, joint health and structure, health-related quality-of-life (HRQoL) and other outcomes from the openlabel, randomized, multinational SPINART study. Patients/Methods: Males aged 12-50 years with severe hemophilia A, ≥ 150 factor VIII exposure days, no inhibitors and no prophylaxis for > 12 consecutive months in the past 5 years were randomized to sucrose-formulated recombinant FVIII prophylaxis or on-demand therapy (OD). Data collected included total and joint bleeding events (BEs), joint structure (magnetic resonance imaging [MRI] ), joint health (Colorado Adult Joint Assessment Scale [CAJAS]), HRQoL, pain, healthcare resource utilization (HRU), activity, and treatment satisfaction. Results: Following 3 years of prophylaxis, adults maintained excellent adherence, with a 94% reduction in BEs despite severe pre-existing arthropathy; 35.7% and 76.2% of prophylaxis participants were bleed-free or had fewer than two BEs per year, respectively. As compared with OD, prophylaxis was associated with improved CAJAS scores (least squares 
Introduction
People with severe hemophilia A lack coagulation factor VIII and experience bleeding into joints, resulting in pain and disability [1] . Primary prophylaxis (routine FVIII replacement started before age 3 years, two joint hemorrhages, and clinically determined arthropathy [2] ) has established benefit in preventing arthropathy [3, 4] , and is recommended as the optimal therapy by the World Federation of Hemophilia (WFH) and the National Hemophilia Foundation [5, 6] . Although high-quality evidence on the efficacy of prophylaxis is lacking, either secondary (started after two or more joint bleeds but without arthropathy [2] ) or tertiary (started with arthropathy [2] ), the Swedish and Dutch longitudinal studies highlight the benefits of early initiation of prophylaxis [7, 8] . Limited data from cross-sectional studies have demonstrated benefits for prophylaxis in adolescents and adults regarding joint bleed rates, joint function, preservation of joint structure on magnetic resonance imaging (MRI), and health-related quality of life (HRQoL) [9] [10] [11] [12] . Patient-centered outcomes, including improved functional capacity, HRQoL, and decreased pain, are essential in a lifelong condition such as hemophilia with no established cure [13] . The Study of Prophylaxis in Adults Randomized Trial (SPINART) was designed to determine the long-term benefits of secondary and tertiary prophylaxis versus on-demand treatment (OD) (given for bleeding) [14] . The primary endpoint of SPINART, i.e. bleeding frequency at 1 year, has been reported [14] , and showed that the numbers of total, joint, spontaneous and trauma-related bleeding events (BEs) were markedly lower with prophylaxis than with OD [14] . This article presents all predefined secondary and tertiary outcomes from baseline to year 3, including bleeding, joint structure, joint health, safety, and healthcare resource utilization (HRU), which were chosen to align with the landmark pediatric primary prophylaxis study, the Joint Outcome Study (JOS) [3] , in addition to key patient-reported outcomes (PROs), quality of life (QoL), pain, activity/participation, and treatment satisfaction.
Methods

Study design and participants
The inclusion criteria, study design, randomization methods and sample size determination for SPINART, a randomized, controlled, prospective, open-label, phase 3b/4 trial conducted from March 2008 to November 2013 (ClinicalTrials.gov identifier: NCT00623480), have been previously published [14] . Males aged 12-50 years with severe hemophilia A (< 1% FVIII activity [FVIII:C]; up to 10% of participants could have 1-2% FVIII:C if they showed clinical severity, consistent with the JOS) and with ≥ 150 FVIII exposure days (EDs), no FVIII inhibitor or history of inhibitors, no regular prophylaxis for > 12 consecutive months in the past 5 years and 6-24 documented BEs or treatments in the previous 6 months were eligible. All participants provided written informed consent and assent as appropriate before participating in any study procedure [14] .
BEs in the previous 12 months were assessed at screening. Participants were stratified at screening on the basis of: (i) the presence or absence of target joints (defined as one or more joints, each of which had experienced four or more hemorrhages in the preceding 6 months, to align with the JOS); and (ii) bleeding frequency in the previous 6 months (< 15 or ≥ 15 annual BEs).
All participants were randomized 1 : 1 to treatment with sucrose-formulated recombinant FVIII (Bayer, Berkeley, CA, USA) as OD or prophylaxis (25 IU kg À1 three times weekly; dose escalation of 5 IU kg À1 per dose permitted annually for ≥ 12 BEs per year). The ratio of total number of days on study to total number of EDs was used to assess prophylaxis adherence. Radiologists scoring extended MRI (eMRI) and physiotherapists scoring the Colorado Adult Joint Assessment Scale (CAJAS) were blinded to treatment assignment and bleeding history. Physiotherapists determined whether a bleeding episode had occurred within 2 weeks, to ensure that the evaluation was performed when joints were stable.
Efficacy assessments
Bleeding assessments A BE was defined as any episode of external bleeding (i.e, epistaxis), bruising, pain or limited function for which FVIII was infused. A joint BE (subset of total BEs) was defined as an event with pain, swelling, tingling, warmth or limited motion of an extremity for which FVIII was infused. Electronic diaries were used to record infusion and bleeding data. Cumulative and annualized numbers of total BEs and joint BEs at the end of 3 years were assessed.
MRI assessments Previously published MRI scales for hemophilic arthropathy emphasize early and moderate changes, but have no or low sensitivity for progression of arthropathy in severely damaged joints [15] [16] [17] [18] . For this trial, the 45-item eMRI scale was validated and shown to provide greater discrimination over a broader spectrum of abnormalities and little to no ceiling effect [19] . The structures of six index joints (knees, ankles, and elbows) were evaluated. Each MRI was independently scored by three radiologists.
Each joint was evaluated for six items in two domains (soft tissue [effusion/hemarthrosis, synovial hypertrophy and hemosiderin items] and osteochondral [erosion, subchondral cysts and cartilage loss items]) [19] . Osteochondral findings were determined for each of the three bones that articulate the joint. Total eMRI scores range from 0 to 45 per joint (soft tissue scores, 0-9; osteochondral scores, 0-36). Higher scores indicate greater structural damage. The score for each joint was based on the median score change for each of the 45 items from study entry to exit at 3 years. Total participant score (defined as the mean score change of the six joints) was subsequently derived to assess individual participant joint structures.
Joint health assessment The CAJAS, which was designed and validated [20] to measure the joint health of six index joints in adults (derived from the WFH scale [i.e the Gilbert score] [21] ) was used. The CAJAS provides an overall score derived from nine items for knees and ankles, and seven items for elbows. Each item is associated with one of two primary domains (structural functional impairment and activity functional impairment), with the exception of gait, which is included in both domains for ankles and knees. CAJAS assessments were completed at baseline and years 1, 2, and 3. The ranges of CAJAS scores for each joint are 0-25 for ankles and knees and 0-21 for elbows. The CAJAS total score (range, 0-23.67) for each participant (defined as the average of the mean score for each joint type) was subsequently derived. Higher CAJAS scores indicate worse joint health. The CAJAS score change was the change from study entry score to exit score; a positive score reflected disease progression, whereas a negative score change indicated improved joint health.
HRQoL assessments HAEMO-QoL-A, a disease-specific QoL questionnaire for adults that includes 41 items covering six domains (physical functioning, role functioning, worry, consequences of bleeding, emotional impact, and treatment concerns), was completed at baseline, month 6, and years 1, 2, and 3 [22] . The HAEMO-QoL-A total score and the score for each of its domains range from 0-100 points, with higher scores indicating better HRQoL. In a previous validation of HAEMO-QoL-A, the mean distribution-based minimal important difference (MID) considered to be clinically meaningful ranged from 5.2 to 7.2 for the total score, and from 6.2 to 9.1 for the physical functioning domain [23] .
Euro QoL-5D-3L (EQ-5D-3L), a standardized, generic QoL questionnaire assessing five domains (mobility, selfcare, usual activities, pain/discomfort, and anxiety/depression) ranked on three levels of severity (no problems, some or moderate problems, and severe problems), was completed with the HAEMO-QoL-A. EQ-5D utility index scores for each health state were determined by ranking the five domains (range, 1 [best possible health] to 0 [death] to -0.59 [worse than death]); in previous validation studies, the EQ-5D demonstrated an MID of 0.074 [24] . The European quality of life (EQ) visual analog scale (VAS) measures health status 'today', which ranges from 0 (worst imaginable health state) to 100 (best imaginable health state).
Pain assessment The Short-Form McGill Pain Questionnaire total score, determined at baseline and years 1, 2 and 3, consists of the following components: last 4 weeks' pain rating (0-100), current pain intensity (0-3), sensory pain score (0-33), and affective pain score (0-12). Higher scores indicate worse status.
Change in activities Participants responded to two questions at baseline and years 1, 2, and 3: (i) 'In the past 4 weeks, did you change your physical activities or lifestyle?' (responses: 'more,' 'the same' or 'less' physical activity); and (ii) 'Check the statement that best describes your current activity level' (responses: 'unrestricted work/ school and recreation,' 'full work/school with limited recreation,' or 'limited work/school and recreation'). HRU Participants were asked weekly about HRU, including contacts with health professionals, procedures, and other events (including joint surgery or hospitalization).
Safety assessments Adverse events (AEs) and serious AEs (SAEs) were monitored throughout the study. The presence of inhibitors was considered to be an SAE, and was tested at screening and months 3, 12, 24, and 36, or when clinically suspected according to the results of the Nijmegen-modified Bethesda assay (≥ 0.6 Bethesda units was considered to be positive).
Statistical analysis
All statistical evaluations were performed with SAS version 9.2 (SAS Institute, Cary, NC, USA).
Comparisons of bleeding frequency between the two groups were made within a negative binomial regression model, as described previously [14] .
The change in eMRI total score from baseline to year 3 was prespecified as the first in a hierarchy of two secondary endpoints, with change in the CAJAS total score as the second endpoint. Between-group comparisons were based on a constrained longitudinal data analysis (cLDA) model [25] adjusted for target joints and bleeding frequency at baseline. Time was treated as a categorical variable in the model. By use of the cLDA model, withingroup least squares (LS) means (and 95% confidence intervals [CIs]) for change from baseline at year 3 for treatment and between-group differences were estimated. Tertiary variables of changes in eMRI and CAJAS domain scores and HAEMO-QoL-A total and domain scores were evaluated with similar methods. Tertiary variables of pain, activity, HRU and treatment satisfaction were analyzed descriptively.
The intent-to-treat population included all randomized participants. All reported results are for the full-analysis set, consisting of all randomized participants who had a measurement at baseline and/or at postbaseline visits, as appropriate, for the endpoint of interest.
Results
Participants and FVIII exposure
Demographics and baseline characteristics were similar between the two randomization groups (n = 42 per group) [14] . The median age at study entry was 29.0 years (range, 15-50 years) (mean, 30.6 years; standard deviation [SD], 9.2 years). Seventy participants (83.3%; 35 per group) completed the 3-year study (discontinuation details have been described previously [14] ). All participants were included in the safety analysis. Baseline data and FVIII exposure are shown in Table 1 . Prophylaxis infusions were given, on average, every 2.37 days (expected frequency, every 2.33 days); thus, very high prophylaxis adherence was recorded. [prophylaxis]). The ratio of mean joint bleed frequency for OD versus prophylaxis was 15.6 (95% CI 8.6-28.4, P < 0.0001).
Joint structural changes determined with eMRI Baseline mean eMRI total scores (prophylaxis, n = 41; OD, n = 38) were 19.14 (SD 9.81) (median, 20.9) in the prophylaxis group, and 14.56 (SD 10.82) (median, 13.0) in the OD group. No individual participant in either randomized arm had completely normal joints (MRI total score of 0) at study entry. In both the prophylaxis group and the OD group, deteriorations from baseline were detected on eMRI at year 3 (mean, 0.75 [SD 1.59] and 0.92 [SD 1.15], respectively). On the basis of LS mean changes (prophylaxis, 0.79; OD, 0.96), the estimated difference between the groups was À 0.17 in favor of prophylaxis (P = 0.66).
Deteriorations in eMRI for both groups were mostly attributable to osteochondral changes (0.78 for prophylaxis versus 0.90 for OD; LS mean estimated difference, À 0.12; P = 0.74); small LS mean deteriorations in eMRI soft tissue domain scores were found (0.01 for prophylaxis versus 0.06 for OD; LS mean estimated difference, À 0.04; P = 0.53).
Mild deterioration in individual joints was detected for both the prophylaxis group and the OD group (LS mean changes in eMRI score, 0. 30 Categorical analysis based on eMRI participant total and separate joint scores showed consistent results. The percentage of participants with improvement was slightly higher with in the prophylaxis group than in the OD group (12.5% versus 6.7%), as was the percentage of improved joints (8.1% versus 3.7%). The percentages of participants and joints with a worse score at year 3 were similar between groups. Comparison of eMRI values for individual joints showed that a similar proportion of joints with a normal (0) score at baseline had a worse score at year 3 (4 of 50 joints [prophylaxis] and 3 of 59 joints [OD]).
Analysis of changes from baseline to year 3 in eMRI total scores stratified by participant age did not show marked differences between groups, although there was a suggestion of less eMRI progression in the youngest individuals receiving prophylaxis (Fig. 2) . eMRI total raw score, change from baseline to year 3 eMRI total raw score, change from baseline to year 3 95% CI 0.08-1.18). The estimated change difference between treatment groups was -0.94 points, favoring prophylaxis (95% CI À 1.61 to À 0.26, P = 0.0072; Fig. 3 ).
HAEMO-QoL-A HAEMO-QoL-A data (prophylaxis, n = 41; OD, n = 42) showed similar baseline total scores for the prophylaxis (mean, 72. LS mean changes in HAEMO-QoL-A total score from baseline to year 3 showed an improvement by 3.98 points in the prophylaxis group (95% CI À 1.14 to 9.10; median, 4.40) and a deterioration by 6.00 points in the OD group (95% CI À 11.62 to À 0.38; median, 0.27). The estimated treatment difference was 9.98 points (95% CI 3.42-16.54, P = 0.0034), favoring prophylaxis and exceeding the MID considered to be clinically meaningful.
The prophylaxis group had LS mean improvements in all HAEMO-QoL-A domains except for emotional impact, whereas the OD group experienced worsening in all domains (Table 2 ). Mean changes in physical functioning score over time (Fig. 4) showed improvements in the prophylaxis group versus the OD group that were apparent from 6 months to 3 years.
EQ-5D self-report questionnaire Baseline EQ VAS scores (n = 42 participants per group) were similar in the two randomization groups (mean [ Change in activity level At baseline, 7.1% of prophylaxis participants and 14.3% of OD participants reported increased 4-week activity. Maximal improvements were seen in both groups at 24 months (prophylaxis, 54.8%; Table 2 Change from baseline to year 3 in HAEMO-QoL-A scores: constrained longitudinal data analysis estimates
Change from baseline to year 3, LS mean (95% CI) P-value On demand (n = 42) Prophylaxis (n = 41) Difference* HAEMO-QoL-A total score À 6.00 (À 11.62 to À 0.38) 3.98 (À 1.14 to 9.10) 9. OD, 23.8%). At 3 years, 40.5% of prophylaxis participants and 19.0% of OD participants reported increased activity. At baseline, the percentages of participants with unrestricted work/school and recreational activities were similar (prophylaxis, 33.3%; OD, 38.1%). By 3 years, unrestricted participation was increased in the prophylaxis group (47.6%) and decreased in the OD group (26.2%).
HRU Over a period of 3 years on study, OD participants reported more HRU than prophylaxis participants (Fig. 5) Treatment satisfaction At 3 years, 42.9% of prophylaxis participants and 26.2% of OD participants reported that treatment somewhat/greatly exceeded their expectations; 64.3% of prophylaxis participants and 42.9% of OD participants were very/extremely satisfied with treatment. At baseline,~50% of participants in each group did not know whether they would like to continue with their former regimen. At the final visit, 66.7% of prophylaxis participants and 47.6% of OD participants reported that they probably/definitely would continue with their study treatment regimen.
Safety
Sixty-two of the 84 participants (73.8% [prophylaxis, n = 25; OD, n = 37]) reported AEs and 21 participants (25.0% [prophylaxis, n = 9; OD, n = 12]) reported SAEs during the study period; none was considered to be treatment-related. No inhibitors developed on study. As the study was not blinded regarding treatment regimen, it was possible that bias on the part of participants could alter subjective outcome reports. To control for this, the two most frequent non-bleeding-related AEs were compared between the treatment groups. The prophylaxis and OD groups did not differ in either the rate of reported infections or the rate of non-bleeding-related musculoskeletal conditions (P = 0.07 and P = 0.26, respectively).
Discussion
SPINART was undertaken in response to an unmet need for data to establish the benefits of secondary and tertiary prophylaxis in individuals with severe hemophilia A and established arthropathy in high-resource and low-resource countries. Substantial morbidity related to arthropathy was observed at baseline for all participants, as reflected in bleeding rates, joint MRI, joint health, QoL, pain, participation, and activity, which worsened following 3 years of continued OD. Progression of joint deterioration was similar in adolescents and adults.
The primary endpoint result of SPINART, i.e. low bleeding frequency with prophylaxis at 1 year, was maintained for 3 years [14] . The persistent and dramatic decrease in bleeding on prophylaxis, together with very high-level adherence, demonstrate that adolescents and adults are willing to continue three times weekly prophylaxis for an extended duration, with continued benefits in bleed reduction.
It is controversial whether articular damage can be reversed, be arrested, or have its progression attenuated; however, evidence from older uncontrolled studies in patients aged < 25 years suggested that a reduction in bleeding with prophylaxis was associated with decreased joint deterioration [9, 26] . A cross-sectional study in adults and adolescents showed a reduction in joint bleeding, and suggested structural joint preservation with secondary and tertiary prophylaxis versus OD, although the benefits were greatest when prophylaxis had been initiated early in childhood [12] . The benefits of earlier initiation of prophylaxis have also been seen in other longitudinal and cohort studies [7, 8, 27, 28] , and early prophylaxis is recommended by the Scientific and Standardization Committee of the ISTH [29] .
In SPINART, baseline eMRI scores suggested considerable joint damage in both groups. The prophylaxis group had evidence of worse arthropathy at the beginning of the study, but the 94% reduction in bleeding frequency on prophylaxis did not translate to improved eMRI results at 3 years, similarly to what was found in a previous study that used radiologic assessments [27] . Progressive deteriorations in eMRI total score, with most progression being seen in osteochondral defects, were detected in both groups after 3 years, with slightly less progression on prophylaxis. The reasons for a lack of improved MRI score following delayed prophylaxis are unclear. In the JOS, in which MRI scores of all joints were 0 at baseline, the MRI score at 6 years was 0 in 93% of prophylaxis recipients and in 55% of OD recipients (P = 0.002). In SPINART, no participant had perfect scores for all six index joints (MRI score of 0). Prophylaxis is probably effective in preventing arthropathy, but is less or not effective in halting or reversing progression after the onset of damage. Alternatively, it is possible that the SPINART OD participants actually had greater progression in joint damage but eMRI was not sensitive in visualizing arthropathy progression. The observation period in SPINART was shorter than that in the JOS (mean, 33 months versus 49 months). Moreover, assuming autoprogression of arthropathy and considering that baseline eMRI scores were higher in the prophylaxis group, the short duration of the trial may have confounded the ability to detect slowing of arthropathy progression with prophylaxis. Four joints with normal eMRI at baseline developed abnormalities during SPINART, despite prophylaxis. It is possible that bleeding before and/or during prophylaxis caused eMRI changes following baseline imaging. Reduced progression of structural damage in participants aged ≤ 20 years receiving prophylaxis was seen in SPINART, suggesting that prophylaxis may halt osteochondral damage in young patients, similarly to previously reported results of secondary prophylaxis in children and adolescents [9] .
In contrast to the eMRI results, there were clear advantages for prophylaxis regarding joint health on joint physical examination, which was mild but sustained over 3 years of prophylaxis. Although the joint score may be subject to performer bias, the physiotherapists determining joint score were blinded to the study arm of the participant and bleeding history; in addition, results were consistent across physiotherapists in four countries. Although bony joint deformities did not improve with prophylaxis, participants were able to be more active with bleeding cessation; other studies have found that joint functioning, pain and activity can improve in persons with hemophilic arthropathy using physiotherapy and exercise, despite fixed joint abnormalities [30, 31] .
Likewise, advantages for prophylaxis were found in PROs such as HRQoL, pain, and participation (activity level). The HAEMO-QoL-A total score difference of nearly 10 points clearly favored prophylaxis, exceeding the distribution-based MID considered to be clinically meaningful [23] . Most HAEMO-QoL-A domain scores improved with prophylaxis, with the largest improvements being seen in the physical functioning, consequences of bleeding and worry domains, consistent with previous research on HRQoL in hemophilia that showed deficits primarily in the physical functioning domain [10, 11, 22] . Furthermore, EQ-5D results were consistent with HAEMO-QoL-A results. Similar to bleeding cessation, improvements in joint health, HRQoL, pain, activity, HRU and treatment satisfaction are in support of adults receiving sustained benefit from prophylaxis.
Regarding limitations, the sensitivity of the rating scale or imaging technique as well as the sample size and follow-up duration may have been insufficient to detect major differences in joint MRI changes between prophylaxis and OD in this population. The open-label study design may potentially have affected participant-reported HRQoL, pain, and treatment satisfaction, as participants may have felt more optimistic by knowing that they were employing a preventive treatment strategy. However, expectation of a better outcome is recognized to promote improved outcomes in clinical practice as well as in clinical trials. Hope has been shown to mediate preventive practices and better health outcomes in other disorders, including childhood type 1 diabetes [32, 33] . Participants using prophylaxis maintained positive PROs over a period of 3 years, and it is unlikely that positive PROs that were not in fact experienced would have been sustained over such a duration.
Conclusions
SPINART determined that, without prophylaxis initiated early in life, structural joint damage in patients with hemophilia A affects most index joints by early adulthood and progresses in spite of later prophylaxis, suggesting that pre-existing joint arthropathy may be irreversible. On the basis of the SPINART findings of sustained bleeding cessation, improved joint health, HRQoL, activity, participation, and treatment satisfaction, and reduced pain and HRU, prophylaxis should be standard-of-care therapy for all people with severe hemophilia and clinical bleeding, regardless of age and previous joint damage. Furthermore, these data strengthen the argument to continuously encourage the initiation and maintenance of prophylaxis before the onset of arthropathy.
